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Maltase from Bacillus licheniformis KIBGE-IB4 was immobilized within calcium alginate beads using
entrapment technique. Immobilized maltase showed maximum immobilization yield with 4% sodium
alginate and 0.2 M calcium chloride within 90.0 min of curing time. Entrapment increases the enzyme–
substrate reaction time and temperature from 5.0 to 10.0 min and 45 °C to 50 °C, respectively as com-
pared to its free counterpart. However, pH optima remained same for maltose hydrolysis. Diffusional
limitation of substrate (maltose) caused a declined in Vmax of immobilized enzyme from 8411.0 to
4919.0 U ml1 min1 whereas, Km apparently increased from 1.71 to 3.17 mMml1. Immobilization also
increased the stability of free maltase against a broad temperature range and enzyme retained 45% and
32% activity at 55 °C and 60 °C, respectively after 90.0 min. Immobilized enzyme also exhibited recycling
efﬁciency more than six cycles and retained 17% of its initial activity even after 6th cycles. Immobilized
enzyme showed relatively better storage stability at 4 °C and 30 °C after 60.0 days as compared to free
enzyme.
& 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).1. Introduction
Maltase [E.C 3.2.1.20] is an enzyme that catalyzes the hydrolytic
process of α-1-4 glycosidic linkages and yields α-D-glucose as an
end product. Maltase is used in different industries like food,
brewing, distilling and pharmaceutical industry [1]. Catalytic
property of an enzyme is one of the critical aspects for its com-
mercialization and in some cases free enzymes are unstable to
fulﬁll the requirement of industries due to low operational stabi-
lity and recovery [2]. Various techniques such as protein en-
gineering, chemical modiﬁcation and immobilization have been
investigated to overcome the limitation of enzymes for industrial
bioreactors [3–5]. Immobilization is an encouraging approach that
not only enhances the stability of enzymes but also ensures the
reusability of enzymes for various industrial bioprocesses [6–9].
Different immobilization techniques including covalent binding,
adsorption, crosslinking and entrapment are used for continuous
use of different enzymes on industrial scale. Among them, en-
trapment conﬁnes the enzyme within the structured matrix space
and create negligible impact on its catalytic properties [10,11].
There are various matrices such as alginate, polyacrylamide and
agar–agar are employed for enzyme immobilization. Alginate is anr B.V. This is an open access article
er).anionic polysaccharide distributed widely in the cell walls of
brown algae and commonly used for the formation of beads cap-
able of entrapping different macromolecules in the form of cal-
cium-alginate beads [12–14]. Calcium alginate is a cost effective
and biocompatible matrix for the entrapment of different enzymes
including α-amylase, protease and pectinase [15,16].
In the current study, maltase from B. licheniformis KIBGE-IB4
was immobilized using entrapment technique within calcium al-
ginate beads.2. Materials and methods
2.1. Induction of bacterial isolate for maltase production
Wheat starch was used for the induction of previously isolated
B. licheniformis KIBGE-IB4 for extracellular maltase production.
Culture was incubated in optimized fermentation medium: wheat
starch (2.5%), peptone (1.0%), yeast extract (0.2%), meat extract
(0.4%), K2HPO4 (0.3%) and KH2PO4 (0.1%) at 37 °C and pH-7.0 for
48 h [17]. The cells were harvested by centrifugation at 40,248 g
for 15.0 min at 4 °C. Cell free ﬁltrate (CFF) was precipitated using
40% saturation of ammonium sulfate on ice bath and kept for 24 h
at 4 °C. The obtained precipitates were dissolved in potassium
phosphate buffer (100.0 mM, pH-6.5) and dialyzed against sameunder the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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alginate beads.
2.2. Maltase immobilized calcium alginate beads formation
Partially puriﬁed maltase was mixed with equal volume (1:1) of
sodium alginate (4.0%) and added drop wise into calcium chloride
solution (0.2 M) with constant shaking on ice bath. Immobilized
enzyme and control beads were hardened by storing them into
fresh 0.2 M calcium chloride solution for 90.0 min at 4 °C. The
beads were washed with deionized water and potassium phos-
phate buffer to remove any unbound enzyme molecules.
2.3. Enzyme assay for free and immobilized maltase
The enzyme activity of both free and immobilized maltase was
determined by GOD–PAP method [18,19] using glucose and mal-
tose as a standard and substrate respectively.
One unit of maltase was deﬁned as the “amount of enzyme re-
quired to release 1.0 mmol of glucose per minute under the standard
assay conditions ”.
2.4. Effect of sodium alginate and calcium chloride concentration on
beads formation
Different concentrations of sodium alginate (1.0–6.0%) and
calcium chloride (0.1–0.5 M) were used to attain the maximum
immobilization yield of maltase with stable beads structure.
2.5. Effect of curing time on percent immobilization yield of maltase
The inﬂuence of curing time on percent immobilization of en-
zyme was examined by keeping beads in 0.2 M calcium chloride
solution for different time intervals ranging from 30.0 to
180.0 min. Beads were washed with double deionized water and
potassium phosphate buffer (pH-6.5).
2.6. Effect of bead size on the activity of immobilized maltase
The effect of beads size on the catalytic activity of immobilized
maltase was determined by preparing beads having different
diameters ranging from 1 to 5 mm.
2.7. Effect of reaction time on the catalytic activity of free and im-
mobilized enzyme
The effect of reaction time on the catalytic activity of free and
immobilized maltase was studied by performing the enzyme assay
at different time intervals keeping the reaction temperature, pH
and substrate constant.
2.8. Effect of temperature on the catalytic activity of free and im-
mobilized enzyme
The effect of temperature on the catalytic activity of free and
immobilized maltase was studied by varying the enzyme–sub-
strate reaction temperature ranging from 30 °C to 60 °C, keeping
other parameters constant.
2.9. Effect of pH on the catalytic activity of free and immobilized
enzyme
The inﬂuence of pH on the catalytic activity of free and im-
mobilized maltase was investigated by performing the enzyme
assay at different pH ranging from 5.0 to 8.0. Different buffers such
as acetate buffer (pH: 5.0–6.0), citrate buffer (pH: 5.0–6.0) andpotassium phosphate buffer (pH: 7.0–8.0) with same ionic
strength (100.0 mM) were used.
2.10. Substrate kinetics of free and immobilized enzyme
The kinetic parameters such as Km and Vmax of free and im-
mobilized maltase were determined using Lineweaver–Burk plot
by performing the enzyme assay at different substrate con-
centrations (2.5–50 mM).
2.11. Thermal stability of free and immobilized enzyme
Thermal stability of free and immobilized maltase were ex-
amined by keeping them at different temperatures such as 40 °C,
45 °C, 50 °C, 55 °C and 60 °C for different time intervals (30.0–
180.0 min). Sample aliquots were retrieved after every 30.0 min
and enzyme assay was performed at 50 °C for 10 min.
2.12. Storage stability of free and immobilized enzyme
Storage stability of free and immobilized maltase was de-
termined by storing them at different temperatures (4 °C and
30 °C) for 60 days. Control and immobilized enzyme beads were
placed in 0.1 M potassium phosphate buffer (pH-6.5) and stored at
aforementioned temperatures. Percent residual activity was cal-
culated by considering activity of control as 100%.
2.13. Recycling efﬁciency of immobilized enzyme
Reusability of immobilized maltase was investigated by using
0.5 g of beads for several reaction cycles. Beads were washed with
phosphate buffer (pH-7.0) after each reaction cycle and fresh
substrate was mixed for next reaction. Percent residual activity
was calculated by considering the activity of ﬁrst run as 100%.
2.14. Scanning electron microscopy of beads with and without im-
mobilized enzyme
Scanning electronmicroscopy was used to study themorphological
changes of beads with and without immobilized maltase. For this
purpose, beads were allowed to dry at 37 °C for 24 h and coated with
gold using auto coater (Jeol Japan, Model JFC-1500). These gold coated
samples were subjected to scanning electron microscope (SEM) (Jeol
Japan, Model JSM 6380 A) for morphological analysis at different
magniﬁcation power range (2500 and 5000 ).3. Results and discussion
Bacterial isolates are preferred to use at commercial level due
to short fermentation time and selective product formation but
free enzyme always faces problem due to difﬁcult recovery from
reaction mixture which also decreases the product purity.
Immobilization is a supportive technique which not only permits
easy recovery of product and enzyme from reaction mixture but
also improves the thermal and operational stability of an enzyme.
Effect of sodium alginate concentration on entrapment of maltase
was studied different concentrations of sodium alginate. It was
observed that the percent immobilization yield of maltase was
found maximum at 4.0% sodium alginate (Fig. 1A) and as the
concentration of sodium alginate increased from maximum level,
immobilization efﬁciency decreased which might be due to the
formation of beads having small pore size that causes hindrance to
enter the substrate in calcium alginate beads and to react with
immobilized enzyme. However, low concentration of sodium
alginate resulted in the formation of soft and fragile beads with
Fig. 1. Effect of sodium alginate (A), calcium chloride (B), concentrations and (C) curing time (D) beads size on the immobilization of maltase from B. licheniformis KIBGE-IB4
(means7S.E., n¼6).
Fig. 2. Effect of reaction time on the catalytic activity of calcium alginate im-
mobilized maltase (means7S.E., n¼6).
Fig. 3. Effect of incubation temperature on the catalytic activity of calcium alginate
immobilized maltase (means7S.E., n¼6).
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during washing step [20,21]. Therefore proper concentration of so-
dium alginate is necessary for maximum immobilization of enzyme.It was observed that calcium chloride (0.2 M) provided more
stabilized beads with maximum percent immobilization yield
(Fig. 1B). The percent immobilization of maltase was decreased
Fig. 4. Effect of reaction pH on the catalytic activity of calcium alginate im-
mobilized maltase (means7S.E., n¼6).
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beyond optimum level. High concentration of calcium chloride
causes change in pH which might be responsible to decrease the
catalytic activity of enzyme in microenvironment of beads. Im-
mobilized maltase showed relatively high immobilization yield as
compared to immobilized pectinase, while lower than im-
mobilized α-amylase within same matrix [3,15].
The curing time of calcium alginate beads was also investigated
for synthesis of stable beads structure. It was found that the per-
cent immobilization yield increased with time and maximum
immobilization yield was achieved after 90 min (Fig. 1C). It was
previously reported that the probability of cross linkages forma-
tion increased between the matrix and enzyme when beads ex-
posed with calcium chloride solution for relatively long time
period [22]. However, it was also found that immobilization yield
reduced due to prolonged curing time of beads which might be
due to the enzyme leakage. Fragile beads are formed when beads
are not exposed to calcium chloride solution for optimum time
[14]. An appropriate bead size is also signiﬁcant factor that affects
the catalytic efﬁciency of immobilized enzyme and determines the
suitability of reactor conﬁguration [23]. It was observed that beads
having 2.0 mm diameter size showed maximum catalytic activity
as compared to other beads sizes (Fig. 1D). Catalytic activity was
declined as diameter size of beads increased or decreased beyond
optimum size. It was assumed that the beads size of 2.0 mm might
provide more favorable conditions in terms of substrate and pro-
duct diffusion from the matrix as compared to other sizes.Fig. 5. Lineweaver–Burk plots of (a) solThe impact of enzyme–substrate reaction time was also in-
vestigated on the catalytic activity of free and immobilized mal-
tase. It was found that reaction time of immobilized maltase in-
creased and maximum activity was achieved after 10.0 min as
compared to free enzyme having maximum activity at 5.0 min at
50 °C (Fig. 2). This shift in reaction time might be due to the dif-
fusion limitation of substrate into microenvironment of im-
mobilized beads in order to reach the active site of enzyme. Si-
milar ﬁndings have been reported in case of dextransucrase when
immobilized within same support [24].
Effect of reaction temperature on the catalytic activity of free
and immobilized maltase was carried out at 30–60 °C for 10 min
and it was revealed that the immobilized maltase showed max-
imum relative activity at 50 °C as compared to free maltase having
optimum activity at 45 °C (Fig. 3). This shift in temperature optima
might occur due to the impairment of hydrophobic and secondary
interactions of the enzyme molecules within the matrix which
improved at higher temperature to attain the maximum catalytic
activity. It has been reported earlier that the immobilized endo-β-
1,4-xylanase showed maximum relative activity at 60 °C which
was 10 °C increase in temperature as compared to free enzyme
[25]. Same ﬁnding was reported when endo (1-4) β-D-glucanase
immobilized within agar–agar matrix using same technique where
temperature optima was shifted from 60 °C to 70 °C after im-
mobilization [26].
Effect of pH on the catalytic activity of free and immobilized
maltase was performed at different pH levels (5.0–8.0) and it was
observed that entrapment of maltase did not change the optimum
pH of maltase activity and maximum relative activity was obtained
at pH-6.5 (Fig. 4). It was noted that immobilized maltase extended
its activity at broad pH range as compared to free enzyme.
Km and Vmax values of both free and immobilized maltase were
calculated using Lineweaver–Burk plot by performing the enzy-
matic assay using different substrate concentrations. It was found
that the Km value of maltase was apparently increased from 1.71 to
3.17 mMml1 and Vmax decreased from 8411 U ml1 min1 to
4919 U ml1 min1 after immobilization (Fig. 5). Increase in Km
and decrease in Vmax values might be due to the hindrance of
substrate to penetrate in matrix for enzyme–substrate reaction.
Similar ﬁnding has been reported when maltase was immobilized
within agar–agar support using same technique [27].
Thermal stability of free and immobilized maltase was also
analyzed by keeping them at various temperatures ranging from
40 °C to 60 °C for different time intervals. Immobilized maltase
showed broad stability range at different temperatures as com-
pared to free enzyme (Fig. 6). Immobilized maltase retained 75%
and 55% activity at 40 °C and 45 °C, respectively after 3.0 h
whereas, free enzyme showed only 45% and 25% residual activityuble and (b) immobilized maltase.
Fig. 6. Thermal stability of free and calcium alginate immobilized maltase. (a) 40 °C, (b) 45 °C, (c) 50 °C, (d) 55 °C, and (e) 60 °C (means7S.E., n¼6).
Fig. 7. Storage stability of free and calcium alginate immobilized maltase (means7S.E., n¼6).
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55 °C after 90.0 min. However, immobilized maltase retained its
activity even after 180.0 min under same conditions. It was also
observed that immobilized enzyme also retained 67% activity at
60 °C even after 30.0 min. Enzyme rigidity can be enhanced by
immobilizing it in various supports where interaction between en-
zyme and matrix plays signiﬁcant role to prevent the major con-
formational changes induced by the heat [28]. It was reported that
various factors including number of bonds formed between enzyme
and support, the nature of the bonds, the conﬁnement degree of an
enzyme within support and the environmental conditions of an
enzyme may affects the stability of immobilized enzyme [29].Free and immobilized maltase were stored up to 60 days at
different temperatures (4 °C and 30 °C) and residual activity was
calculated. It was found that immobilized maltase showed broad
storage stability range at 4 °C and 30 °C as compared to free en-
zyme (Fig. 7). Free maltase retained 52% and 37% residual activity
at 4 °C and 30 °C, respectively. However, immobilized maltase
showed 58% and 49% residual activity at same aforementioned
storage conditions. Several research groups have reported that
enzyme immobilization within hydrogel carriers like alginate, poly
(hydroxyethylmethyacrylate-coglycidylmethacrylate), gelatin and
polyacrylamide exhibited high stability due to the protective mi-
croenvironment provide by the gel matrix [3,30,31]. The current
Fig. 8. Recycling efﬁciency of calcium alginate immobilized maltase (means7S.E.,
n¼6).
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impact by forming different interactions with an enzyme which
also provides conformational stability to immobilized maltase.
Immobilized maltase retained more than 80% and 67% recycling
efﬁciency after 2nd and 3rd cycle. It was also observed that the
immobilized maltase showed 17% residual activity even after 6th
cycles (Fig. 8). The residual activity of immobilized maltase was
decreased progressively as the number of cycles increased and
complete loss of activity was found after six reaction cycles which
might be due to the leakage of enzyme from support as a result ofFig. 9. Scanning electron micrographs of calcium alginate beads before and after immobi
and 500 of magniﬁcation before immobilization respectively. (B and D) SEM microgra
magniﬁcation respectively.excessive washing of beads after each cycle. Similar results have
been reported when enzyme was immobilized using calcium al-
ginate as a support [15].
The surface topology of calcium alginate beads before and after
immobilization of maltase was examined by using scanning elec-
tron microscope (SEM). Compact pores was observed on the sur-
face of beads having no enzyme (Fig. 9A and C) whereas, for
maltase immobilized beads small particles with irregular shape
were observed on the surface (Fig. 9B and D). Morphological
changes on the surface of immobilized laccase were also observed
where TiO2–montmorillonite complex was used as matrix [32].4. Conclusions
This study justiﬁes the use of calcium alginate as an appro-
priate support for the immobilization of maltase through entrap-
ment technique. Immobilized enzyme showed remarkable ther-
mal stability and recycling efﬁciency. All parameters of maltase
were improved after immobilization which showed that enzyme
stability and biocompatibility within calcium alginate matrix. Such
improved catalytic efﬁciency of immobilized maltase is signiﬁcant
for various commercial applications.Conﬂict of interest
Authors declared no conﬂict of interest.lization of maltase. (A and C) SEM micrographs of calcium alginate beads at 2500
phs calcium alginate beads after immobilization of maltase 2500 and 5000 of
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